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INTRODUCTION 
We live on this planet by the courtesy of the earth's green cover. Plant biodiversity is 
our natural heritage, which we have to preserve for posterity. The plants, particularly 
the higher plants, constitute the key elements of the life support system, forms on the 
planet earth. We depend on plants not only for food, medicine, clothing and shelter but 
also for the precious life sustaining oxygen. Plants have fed the world and cured its ills 
ever since life began on earth. Plants protect fragile soils from erosion, maintain 
atmospheric balance and regulate water supply for agriculture and prevent 
desertification. Now we are destroying them at the rate of 50 acres every minute. 
During the past 50 years or so, there has been an unprecedented acceleration of 
environmental deterioration. There is now convincing evidence that the health of our 
planet is severely endangered. Urgent action is warranted to check this destruction trend 
and adopt sustainable living style. 
The conservation of earth's natural resources, particularly its biodiversity, should be our 
top priority. Conservation is essentially a human initiative to establish a state of natural 
harmony between man and the nature. Natural resources may be renewable and non-
renewable. Renewable resources are represented by soils, range land, forests, fish, wild 
life, air and water; whereas, non- renewable resources include fossil ftiel and metallic 
and non-metallic minerals. In recent years, there has been a rapid depletion of our 
natural resources/biodiversity due to: 
1. Increasing demand for biological resources due to galloping population and 
economic development. 
2. Failure of people to consider the long-term consequences of their actions, 
mainly due to lack of basic knowledge about earth and its resources. 
3. Failure of people to appreciate the consequences of adopting inappropriate 
technology in our daily life. 
4. Institutional failure to regulate the use of biological resources resulting from 
rapid urbanization and changes in property rights and shifting cultivation. 
5. Failure of governments to address the problem of over exploitation of limited 
biological resources. 
6. Increased human migration, travel and international trade. 
It is now evident that because of lack of proper awareness, the man has been 
indiscriminately exploiting and interfering with the nature and as a consequence, he has 
to pay for this lapse. Forests are disappearing, plant species are threatened with 
extinction day to day. If the current trends are any indications, close to one billion 
people in the cities will be denied access to shelter, clean water, safe air and other basic 
human needs. There is an imperative need for international cooperation to meet this 
challenging problem, as no single country has all the expertise required to tackle all 
environmental issues. 
Because of galloping population and depleting resources, environmental population is 
increasing at an exponential rate; the chances that any technological breakthrough will 
solve them in foreseeable future are rather bleak. It is the time for all of us, regardless of 
our economic and social status, to get together and do whatever we can, to ward off this 
threat. Our minor attitudinal changes will help in averting a major disaster and small 
action at individual level will enable us to overcome the threat successfiilly. We should 
take a pledge - we will pass on our children a better environment than what we 
inherited from our parents. Are the governments alone capable of fighting pollution? 
No, it needs the active cooperation and sincere efforts of all people. What is needed is a 
sustained and well- planned education and awareness so that the message percolates 
down to the lowest strata of the society. 
Dyes are important pollutants which are generally present in the effluents of textile, 
leather, food processing, dyeing, cosmetics, paper and dye manufacturing industries. 
They are synthetic aromatic compounds which are embodied with various functional 
groups. The worldwide high level of productions and extensive use of dyes generates 
colored waste waters which cause environmental pollution. The colored dye effluents 
are generally considered to be highly toxic to the aquatic biota and affect the symbiotic 
process by disturbing the natural equilibrium through reduced photosynthetic activity 
due to the coloration of the water in streams. The non-biodegradable, toxic and 
inhibitory nature of spent dye baths has a considerable deleterious effects on the 
environmental matrix (water and soil).Some dyes are reported to cause allergy, 
dermatitis, skin irritation, cancer and mutation in humans. Thus, the removal of dyes 
from effluents before they are mixed up with unpolluted natural water bodies is 
important. Several treatment technologies exist for dye removal, but the process of 
adsoiption using activated carbon has been found to be an effective technology for 
decolorization of wastewater. Though the removal of dyes through adsorption is quite 
effective, its use is restricted sometimes due to higher cost of activated carbon and 
difficulties associated with regeneration. Attempts have therefore been made to explore 
low cost and eco-friendly materials as alternative adsorbents. 
It is therefore the objective of this study to investigate the removal of brilliant green 
(BG) from aqueous solution by using almond seed. 
1.1. Environmental Pollution: 
The term environment, as far as pollution is concerned include the air, water and soil. 
Thus, pollution is generally defined as "the addition of the constituents to water, air or 
soil, which adversely alter the natural quality of environment". 
For the first time in his entire history, man is facing one of the most horrible ecological 
crisis- the problem of pollution of environment especially with dyes 
and toxic metals, which sometimes in the past was pure, virgin, undisturbed, 
uncontaminated and basically quite hospitable for him. Today the cry of "Pollution" is 
heard from all the nooks and comers of the globe and it has become a major threat to 
the very existence of mankind on the planet earth. Dyes and heavy metals pollution 
affects flora, fauna and other abiotic components of the ecosystem. Dye leads to various 
metabolic alterations and undesirable changes, which in many cases may cause severe 
injury and health hazards. There are several factors like human population explosion, 
unplMined urbanization, deforestation, profit oriented society and technological 
advancement etc., whose cumulative effect is responsible for the origin of pollution has 
been blamed on different things and one of the major things is the pollution due to dyes 
and metals in the environment. 
1.2. Classification of Environmental Pollution: 
(a) Air pollution 
(b) Land pollution 
(C) Water pollution 
(a). Air pollution: 
Addition of any substance, which alters the physical and chemical properties of clean 
air, could be considered as an air pollutant. 
The earth's atmosphere is divided into four layers- the thermosphere, mesosphere, 
stratosphere and troposphere. The atmosphere extends to an altitude of between 800 and 
1000 km above the earth's surface. The troposphere, which is the lowest layer, is in 
contact with the earth's surface and extends to a height of between 8 and 16 km above 
the earth's surface. Atmospheric pollution is largely confined to this layer. 
Main source of air pollution: 
(a) Combustion of fossil fuels to produce energy and power for domestic and industrial 
uses, 
(b) Exhaust from vehicles, 
(c) Waste gases, dust and heat from industrial sites and electrical power generating 
stations, 
(d) Natural sources like volcanic eruptions, biological action in swamp areas and 
bacterial action in soil, 
(e) Radiation pollution from ozone depletion in the stratosphere, radio-nuclides on the 
earth's crust, testing of nuclear weapons and nuclear processing plants. 
Types of air pollutants: 
Pollutants that cause air pollution are either gases or particulates 
Particulate pollutants: A particulate consists of fine solids or liquid droplets suspended 
in air. The large particulates are grit, fly ash, dust and soot and the smaller ones are 
smoke, mist and aerosols. 
Gaseous pollutants: the combustion of fossil fijels such as wood, coal, natural gas and 
oil for the production of energy and power for domestic and industrial uses is the major 
source of gaseous pollutants. Emission from vehicles also causes atmospheric pollution. 
(b). Land pollution: 
Land pollution is basically caused by the waste materials produced during domestic 
and technological activities. Solid and semi solid wastes, hazardous chemicals and land 
surface degradation must be considered in the study of land pollution .Chemical 
pollution is probably the most serious aspect of land pollution. 
Domestic waste usually consists of refiise from residential premises. Manufacturing 
industries produce wastes which are solid, semi solid, liquid or gaseous. Agricultural 
and farm wastes consist mainly of fertilizers, pesticides, herbicides, animal excreta and 
urine. Wastes from nuclear reactors consist of spent fuel rods and casings, fuel 
processing wastes and contaminated material in solid or liquid from. In general, land 
pollutants fall under four heads: (1) non-combustible, (2) combustible, (3) hazardous (4) 
flammable. 
Depending on the type of waste, the chief methods of disposal are (a) land filling, (b) 
pyrolysis, (c) incineration and (d) composting. 
Land filling: Apart from the technological aspects, land filling involves carefiil 
planning as several economic and social factors must be kept in mind. The important 
points to be considered in landfill design are leachate, gas production due to aerobic and 
anaerobic decomposition of organic wastes by suitable two types- area fill and trench 
fill. The area fill method is more common in open pits, ravines and other such concave 
areas. The waste is compacted by compaction equipment. In such trench fill method, a 
suitable land site is excavated and solid waste is placed in excavated region and 
converted with the excavated earth. 
Pyrolysis: This is comparatively new process developed in the USA. It consists of the 
thermal decomposition of wastes in an inert atmosphere. The products obtained by this 
process are usable. These include a mixture of gaseous products, tars, water-insoluble 
oils, and aqueous solufion of acefic acid, methanol and other organic compounds. A 
solid residue of char and inert material is another important product. The gaseous 
mixture consists of hydrogen, methane, carbon dioxide, carbon monoxide and ethylene 
and has a heating value of between 11000 and 13000 kj/m and is about 25% by weight 
of the air-dried waste. The yield of char is about 17 to 25% by weight of the air-dried 
waste and has a headng value of between 26,000 and 28,000kj/kg on ash Iree basis. 
Incineration: one of the most important methods of waste disposal is incineration or 
high-temperature oxidation. The process can be used for the combustion of all types of 
waste whether solid, liquid or gaseous. By this method, a large volume of sludge can be 
reduced to a small volume of ash, which is free of organic matter and, easily disposable. 
In fact, in the case of combustible radioactive waste, a volume reduction of 50:1 can be 
achieved by incineration. However, the disadvantage of incinerations is that it can 
create atmospheric pollution .this can be minimized by carefiil control of the operating 
conditions and treatment of the furnace exhaust gases. The gaseous products are passed 
through cyclone separators for the removal of solids, scrubbers to scrub off the acid 
vapors and electrostatic precipitators to separate the entrained particulate solids. The 
gaseous products finally released into the atmosphere are more or less safe according to 
A PC standards. 
Composting: This process consists of the biological decomposition of the organic 
constituents of waste under controlled conditions. Depending on whether oxygen is 
used in decomposition, composting can be aerobic or anaerobic. It is further divided 
into mesophilic and thermophilic, depending on the application of heat in composting. 
The process is accelerated when the wastes are turned regularly by mechanical means. 
(c). Water pollution: 
Water pollution is a natural or induced change in the quality of water, rendering it 
unusable or dangerous for humans, animals, industry and agriculture. 
The quality of water is of vital concern for mankind since it is directly linked with 
human welfare. It is a manner of history that faucal pollution of drinking water caused 
water-borne disease which wiped out entire populations of cities. At present, the 
menace of water-borne disease and epidemics still looms large on the horizons of 
developing countries. Polluted water is the culprit in all such cases. The major sources 
of water pollution are domestic waste from urban and rural areas, and industrial wastes 
which are discharged into natural water bodies. 
Generally speaking, water pollution is a state of deviation from the pure condition, 
whereby its normal function and properties are affected. It has been mentioned before 
that knowledge of aquatic environmental chemistry is the key to the understanding of 
water pollution and its control. 
Source of water pollution: 
The sources of water pollution are: (1) domestic and commercial sewage, (2) industrial 
waste waters, (3) agricultural run off and (4) land run-off, i.e. natural drainage of 
untreated ground water on to water courses. Accidental leakages from industrial storage 
tanks, oil refineries, etc, also cause water pollution. 
Types of water pollutants and their effects on the environment: 
1. Suspended particulate solids, which make the water turbid 
2. Oils, which form a surface film restricting the reoxygenation of water 
3. Cooling water from power stations, causing an increase in the temperature of 
water 
4. Inorganic and organic substances, the oxidation of which reduces the dissolved 
oxygen content of water 
5. Toxic chemicals, which cause immediate or long term physiological changes in 
plants, animal and humans 
6. Chemical nufrients from fertilizers and micronutrients, which form high 
concentrations of nitrates and phosphates 
7. Micro-organisms, which cause pathogenic effects 
8. Radionuclide effects that disturb food chains. 
1.3. Dyes: 
A dye can generally be described as a colored substance that has an affinity to the 
substrate to which it is being applied. The dye is generally applied in an aqueous solution, 
and may require a mordant to improve the fastness of the dye on the fiber. 
Both dyes and pigments appear to be colored because they absorb some wavelengths of 
light preferentially. In contrast with a dye, a pigment generally is insoluble, and has no 
affinity for the substrate. Some dyes can be precipitated with an inert salt to produce a 
lake pigment. 
Archaeological evidence shows that, particularly in India and the Middle East, dyeing has 
been carried out for over 5000 years. The dyes were obtained from animal, vegetable or 
mineral origin, with no or very little processing. By far the greatest source of dyes has 
been from the plant kingdom, notably roots, berries, bark, leaves and wood, but only a 
few have ever been used on a commercial scale. 
Organic dyes 
The first human-made (synthetic) organic dye, mauveine, was discovered by William 
Henry Perkin in 1856. Many thousands of synthetic dyes have since been prepared. 
Synthetic dyes quickly replaced the traditional natural dyes. They cost less, they offered a 
vast range of new colors, and they imparted better properties upon the dyed materials. 
Classification of Dyes according to their use in the dyeing process: 
Acid dyes are water-soluble anionic dyes that are applied to fibers such as silk, wool, 
nylon and modified acrylic fibers using neutral to acid dye baths. Attachment to the fiber 
is attributed, at least partly, to salt formation between anionic groups in the dyes and 
cationic groups in the fiber. Acid dyes are not substantive to cellulosic fibers. 
Basic dyes are water-soluble cationic dyes that are mainly applied to acrylic fibers, but 
find some use for wool and silk. Usually acetic acid is added to the dye bath to help the 
uptake of the dye onto the fiber. Basic dyes are also used in the colorafion of paper. 
Direct or substantive dyeing is normally carried out in a neutral or slightly alkaline 
dyebath, at or near boiling point, with the addition of either sodium chloride (NaCl) or 
sodium sulfate (Na2S04). Direct dyes are used on cotton, paper, leather, wool, silk and 
nylon. They are also used as pH indicators and as biological stains. 
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Mordant dyes require a mordant, which improves the fastness of the dye against water, 
light and perspiration. The choice of mordant is very important as different mordants can 
change the final colour significantly. Most natural dyes are mordant dyes and there is 
therefore a large literature base describing dyeing techniques. The most important 
mordant dyes are the synthetic mordant dyes, or chrome dyes, used for wool; these 
comprise some 30% of dyes used for wool, and are especially useful for black and navy 
shades. The mordant, potassium dichromate, is applied as an after-treatment. It is 
important to note that many mordants, particularly those in the hard metal category, can 
be hazardous to health and extreme care must be taken in using them. 
Vat dyes are essentially insoluble in water and incapable of dyeing fibres directly. 
However, reduction in alkaline liquor produces the water soluble alkali metal salt of the 
dye, which, in this leuco form, has an affinity for the textile fibre. Subsequent oxidation 
reforms the original insoluble dye. 
Reactive dyes utilize a chromophore containing a substituent that is capable of directly 
reacting with the fibre substrate. The covalent bonds that attach reactive dye to natural 
fibers make it among the most permanent of dyes. "Cold" reactive dyes, such as Procion 
MX, Cibacron F, and Drimarene K, are very easy to use because the dye can be applied at 
room temperature. Reactive dyes are by far the best choice for dyeing cotton and other 
cellulose fibers at home or in the art studio. 
Disperse dyes were originally developed for the dyeing of cellulose acetate, and are 
substantially water insoluble. The dyes are finely ground in the presence of a dispersing 
agent and then sold as a paste, or spray-dried and sold as a powder. They can also be used 
to dye nylon, cellulose triacetate, polyester and acrylic fibres. In some cases, a dyeing 
temperature of 130 °C is required, and a pressurised dyebath is used. The very fine 
particle size gives a large surface area that aids dissolution to allow uptake by the fibre. 
The dyeing rate can be significantly influenced by the choice of dispersing agent used 
during the grinding. 
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Azo dyeing is a technique in which an insoluble azoic dye is produced directly onto or 
within the fibre. This is achieved by treating a fibre with both diazoic and coupHng 
components. With suitable adjustment of dyebath conditions the two components react to 
produce the required insoluble azo dye. This technique of dyeing is unique, in that the 
final colour is controlled by the choice of the diazoic and coupling components. 
Sulfur dyes are two parts "developed" dyes used to dye cotton with dark colors. The 
iniUal bath imparts a yellow or pale chartreuse color. This is oxidized in place to produce 
the dark black we are familiar with in socks and the indigo blue of the common blue 
jeans. 
Food dyes are other class which describes the role of dyes, rather than their mode of use. 
Because food dyes are classed as food additives, they are manufactured to a higher 
standard than some industrial dyes. Food dyes can be direct, mordant and vat dyes, and 
their use is strictly controlled by legislation. Many are azoic dyes, although 
anthraquinone and triphenylmethane compounds are used for colours such as green and 
blue. Some naturally-occurring dyes are also used. 
Other important dyes 
A number of other classes have also been established, including: 
• 
• 
Oxidation bases, for mainly hair and fur 
Leather dyes, for leather 
Fluorescent brighteners, for textile fibres and paper 
Solvent dyes, for wood staining and producing coloured lacquers, solvent inks, 
colouring oils, waxes. 
Carbene dyes, a recently developed method for colouring multiple substrates 
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Chemical Classification 
By the nature of their chromophore, dyes are divided into; 
Category:Acridine dyes, derivates of acridine 
Category:Anthraquinone dyes, derivates of anthraquinone 
Arylmethane dyes 
CategoryiDiarylmethane dyes, based on diphenyl methane 
CategoryiTriarylmethane dyes, derivates of triphenyl methane 
Category :Azo dyes, based on -N=N- azo structure 
CategoryiCyanine dyes, derivates of phthalocyanine 
CategoryrDiazonium dyes, based on diazonium salts 
Category:Nitro dyes, based on a -NO2 nitro functional group 
Category:Nitroso dyes, based on a -N=0 nitroso ftjnctional group 
CategoryiPhthalocyanine dyes, derivates of phthalocyanine 
Category:Quinone-imine dyes, derivates of quinone 
CategoryrAzin dyes 
CategoryiEurhodin dyes 
CategoryiSafranin dyes, derivates of safranin 
Indamins 
Category:hidophenol dyes, derivates of indophenol 
Category:Oxazin dyes, derivates of oxazin 
Category:Oxazone dyes, derivates of oxazone 
Category:Thiazin dyes, derivates of thiazin 
Category:Thiazole dyes, derivates of thiazole 
Xanthene dyes, derived from xanthene 
Fluorene dyes, derivates of fluorene 
Category:Pyronin dyes 
Category:Rhodamine dyes, derivates of rhodamine 
CategoryrFluorone dyes, based on fluorone. 
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Application of Dyes: 
• Textile industry 
• Paper industry 
• Food industry 
• Cosmetics industry 
• Pharmaceutical industry 
• Polymer industry 
• Leather industry 
1.4. Sources of dyes pollution: 
Dyes are a kind of organic compounds which can bring bright and firm color to other 
substances. Synthetic dyes usually have a complex aromatic molecular structure which 
possibly comes from coal tar based hydrocarbons such as benzene, naphthalene, 
anthracene, toluene, xylene, etc. The complex aromatic molecular structures of dyes 
make them more stable and more difficult to biodegrade today there are more than 
10,000 dyes available commercially Synthetic dyes have been increasingly used in the 
textile, leather, paper, rubber, plastics, cosmetics, pharmaceuticals and food industries. 
The extensive use of dyes often poses pollution problems in the form of colored 
wastewater discharged into environmental water bodies. For some dyes, the dye 
concentration of less than 1 ppm in receiving water bodies is highly visible, so that even 
small quantities of dyes can color large water bodies. This not only affects aesthetic 
merit but also inhibits sunlight penetration and reduces photosynthetic action. In 
addition, some dyes or their metabolites are either toxic or mutagenic and carcinogenic. 
1.5. Treatment technologies: 
The conventional methods for removal of dyes from wastewaters include coagulation 
and Reverse osmosis. Electro dialysis, ion-exchange, flocculation, oxidation or 
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ozonation, membrane separation and adsorption. Activated carbon is popular and 
effective dye sorbent, but its relatively high price, high operating costs and problems 
with regeneration hamper its large scale application. Therefore, there is a growing need 
in finding low cost, renewable, locally available materials as sorbent for the removal of 
dye colors. Some low cost materials have directly been used as sorbent for dye 
adsorption from wastewater. 
Reverse Osmosis: 
In this process, the contaminated water is placed in contact with a suitable membrane at 
a pressure in excess of the osmotic pressure of the solution and the water containing a 
very small amount of contaminants permeates the membrane. In effect, there is a highly 
concentrated waste solution on one side of the membrane and purified water on the 
other. The process is generally carried out in tubular or hollow-fibre membrane module 
systems. The factors that affect membrane performance are (i) membrane leakage, (ii) 
membrane fouling and (iii) concentration polarization. The membrane used in waste 
water treatment is generally made of cellulose acetate. The process, however, is too 
expensive for routine waste water treatment. Moreover, it is applicable only in the case 
of dissolved wastes, since suspended solids clog the membrane. 
Electrodialysis: 
This, too, is a membrane separation process, in which instead of pressure, an electric 
field is applied across a series of membranes, which are in ionogenic nature. Two types 
of membranes are placed alternately in an electrodialysis cell: (i) cation exchange 
membrane and (ii) anion exchange membrane. The cathode and anode are placed at two 
ends of the cell. Raw waste water is fed continuously into the concentrating 
compartments and treated waste water withdrawn continuously' from the alternate 
compartments. Like reverse osmosis, fouling of membrane and concentration 
polarization are the common problems which affect the performance of an 
electrodialysis unit. 
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Ion-exchange: 
This process has become increasingly important for the removal of inorganic and 
ionogenic, wastes from waste water. Almost complete demineralization is possible by 
this technique. There are two general types of ion-exchange units. The simplest is a 
mixed bed unit. It is rather compact with a single tank that produces water of 
exceptionally high purity, with less than 1 ppm total ionizable solid. The more 
complicated ones are two-bed deionizers. They have separate tanks for cat ion (positive 
ion) and anion (negative ion) removal. 
Adsorption: 
Adsorption has been found to be cheap, effective and easy method for the treatment bearing dyes 
among the above physico-chemical treatment processes. Adsorption operations exploit the ability 
of certain solids preferentially to concentrate specific substances from solution onto their 
surfaces. Adsorption on a carbon bed has been used in waste water treatment for many 
years. The process is based on intimate contact between the waste water and the carbon 
bed, on which the waste materials are adsorbed. The clear liquid is then separated from 
the adsorbent. In the case of the packed bed or expanded bed adsorption system, the 
water is passed through the adsorbent. Efficient and economical regeneration of the bed is 
a pre-requisite for the application of the process to waste water technology. 
1.6: Theoretical aspects of adsorption 
1.6.1. Adsorption: 
The term adsorption was first used by "Kayser" in 1881 and it 
refers strictly to the existence of higher concentration of any particular 
component at the surface of the liquid or solid phase than in the bulk. The 
adsorption may be of two types namely physical and chemical. The 
physical adsorption occurs mainly due to weak forces like ion-dipole, 
dipole-dipole, polarization or induced dipole. Van der Wall's forces etc. 
The physical adsorption is reversible, temporary in character. It usually 
involves lesser heat changes (Adams, 1973). While chemical adsorption is 
due to the formation of chemical linkages between adsorbate and 
adsorbent which gives rise to a permanent binding of species over 
adsorbent surfaces. The chemical adsorption is non-reversible and is 
carried out at high temperature. It is characterized by a large heat change 
during adsorption (Adomson, 1960; Gregg and Singh, 1967). 
1.6.2. Mechanism of Adsorption: 
A solid surface in contact with a solution has the tendency to 
accumulate a layer of solute molecules at the interface due to imbalance 
of surface forces. This accumulation of molecules is a vectorial sum of 
the forces of the attraction and repulsion between the solution and the 
adsorbent. Majorities of the solute ions or molecules, accumulated at the 
interface are adsorbed onto the large surface area within the pores of 
adsorbent and relatively a few are adsorbed on the outside surface of the 
adsorbent. Adsorption from an aqueous solution is influenced largely by 
the competition between the solute and the solvent molecules for 
adsorption sites. The tendency of a particular solute to get adsorbed is 
determined by the difference in the adsorption potential between the 
solute and the solvent when the solute-solvent affinity is large. The low 
adsorption capacity of polar adsorbents like zeolite for solute in a polar 
solvent like water is an example of this phenomenon. In general, the lower 
the affinity of the adsorbent for the solvent, the higher will be adsorption 
capacity for solutes. A polar (or non-polar) adsorbent will preferentially 
adsorb the more polar (or non-polar) component of a non-polar (or polar) 
solute. Activated carbon and polymeric adsorbents have high adsorption 
capacities in water primarily because of a low potential. 
The following distinct steps take place for adsorption to occur: 
i. The adsorbed molecules must be transferred from the bulk 
phase of solution to the surface of the adsorbent particle. In doing 
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so, it must pass through a film of solvent that surrounds the 
adsorbent particle. This process is referred as "film diffusion". 
ii. The adsorbate molecule must be transferred to an adsorption 
site on the inside of the pore. This process is referred as "pore 
diffusion". 
iii. The particle must become attached to the surface of the 
solute, i.e. be "adsorbed". 
Many factors influence the rate of adsorption and extent to which 
a particular solute can be adsorbed. The general effects of some more 
important factors like nature of adsorbent and adsorbate, concentration, 
extent of agitation, pH, temperature, contact time, etc., are summarized in 
Table 1.1. 
Table 1.1 Factors influencing adsorption from solution. 
Agitation/Relative At low agitation film diffusion is 
velocity: rate controlling. At high agitation 
pore diffusion is rate limiting. 
Adsorbent characteristics: Adsorption rate increases with 
decreasing particle size of 
adsorbent, presence of surface 
charges. 
Size and shape of adso- Adsorption usually decreases, as the 
rbate: size of the molecules becomes large. 
Concentration: Rate of adsorption increases with 
increase in concentration. Rate 
constant is directly proportional to 
concentration. 
pH: Strong influence on adsorption on 
due to change in ionic con-
centrations of water and solutes. 
Temperature: Affects rate and extent of 
adsorption. 
1.6.3. Adsorption Isotherm: 
The Freundlich equation may be expressed as: 
In — = InKf + - I n C , 
m n 
where x/m is the amount of adsorbate (mgL" ) adsorbed per unit weight of 
the adsorbent, Kf and n are Freundlich constants and Ce is the equilibrium 
concentration (mgL"') of metal ion (adsorbate). The linear plot of In x/m 
versus InCe indicates that adsorption process follows Freundlich isotherm. 
The Langmuir equation may be described as: 
JL _ J_ _L _L 
x/m " 9°b C^  e° 
where x/m is metal uptake per unit weight of the adsorbent, Ce is the 
equilibrium concentration of metal ion (mgL"'), 0° and b are Langmuir 
constants relating to adsorption capacity and adsorption energy 
respectively. The Langmuir isotherm is valid for monolayer adsorption 
onto the surface of the adsorbent containing a finite number of identical 
sites. The linear plot of l/(x/m) vs. 1/Ce indicate that adsorption of 
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follows Langmuir isotherm. The essential features of the Langmuir 
isotherm can be expressed in terms of a dimensionless constant separation 
factor or equilibrium parameter (R), which is defined as: 
R = 
1 + bC„ 
where b is the Langmuir constant, Co is the initial metal ion concentration 
(mgL ' ) . 
If, 
R > 1 Unfavorable type of isotherm. 
R = 1 Linear isotherm. 
0 < R <1 Favorable type of isotherm. 
R = 0 Irreversible. 
1.6.4. Thermodynamics of Adsorption: 
Thermodynamic parameters for adsorption such as standard free 
energy change (AG"), enthalpy change (AH°) and entropy change (AS°) 
were calculated using the following equations (Singh et al., 1988; Catena 
and Bright, 1989; Fraji et al., 1992). 
C 
" ' - ^ 
where Kc is the equilibrium constant. Cm is the equilibrium 
concentration (mgL'') of metal ion on the adsorbent and Ce is the 
equilibrium concentration (mgL"') of metal ion in solution. 
AG" was calculated from the equation: 
AG° = - RTlnKc 
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where T is the temperature in Kelvin scale and R is a gas constant . 
AH° and AS° were calculated from the following equation 
AS° AH° 
InK^ = 
R RT 
AH" and AS° were obtained from the slope and intercept of Van't 
Hoff plots of InKc versus 1/T. 
If, 
AH" +ve Endothermic process. 
AH°. -ve Exothermic process. 
AG° +ve Non-spontaneous process. 
AG° -ve Spontaneous process. 
AS° +ve Increase in randomness. 
AS" -ve Decrease in randomness. 
1.7. Survey of Literature: 
As reported earlier, among the various physicochemical treatment technologies 
adsorption process is found to be highly effective and cheap method for the removal of 
dyes from wastewater. The activated carbon is the most widely used adsorbent, but owing 
to its high cost and regeneration problem, efforts are being directed towards finding eco-
friendly and low cost adsorbents which can be used more economically on large scale. 
Recent literature survey on removal and recovery of dyes from aqueous solutions and 
wastewater using low cost materials is summarized in Table 1.2. 
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Table 1.2. Summary of various adsorbents used for the removal of dyes from 
Wastewater 
Adsorbent 
Bagasse fly ash 
Aspergillus 
Niger 
Fly ash 
Rice bran 
Activated 
carbons 
Activated 
carbon from 
coconut shell 
Recycled alum 
sludge(RAS) 
Granular 
activated carbon 
and neutral 
zeolite 
Orange peel 
Rice husk 
carbon 
Dyes 
Rhodamine B and 
Methylene blue 
Acidic and basic 
dyes 
Dying wastewater 
Colour based 
effluents 
Cation ic and 
anionic dyes 
Methylene blue 
Textile dye waste 
Basic dye 
Acid violet 17 
Basic dyes 
Remark 
Thermodynamic parameter 
indicated feasibility of the 
process. 
Follows first order kinetic 
expression and the Langmuir 
Equation. 
Decolourization efficiency 
reached 91-99% under 
conditions of 0.04-0.08 g/ml, 3 
hrs, pH-2 to 10 ,10-600mg/l. 
First order reversible kinetics. 
The process is spontaneous in 
nature. 
Removal of dyes was found to 
increase with increase in dye 
concentration and pH of the 
solution. 
The 150^m particle size gave 
better adsorption than 355n m 
particle size. 
RAS is good way of removing 
hydrophobic dye from waste 
water. 
The adsorption equation data 
can be fitted well known 
Langmuir isotherm. 
The adsorption capacity was 
19.88mg/gm at initial pH 6.3. 
Removal of dyes was found to 
increase with increase in dye 
concentration and pH of the 
solution. 
Reference 
Gupta et al.,2000 
Anjaneyulu et 
al.,2000 
Yan et al.,2000 
Kesarwani et 
al.,2000 
Al-Degs et al., 
2001 
Gimba et al., 
2001 
Chuetal.,2001 
Meshko et al., 
2001 
Shivraj et al., 
2001 
Singh etal., 2001 
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Adsorbent 
Penecillium 
species GX2 
Coir pith 
Activated 
carbon 
Granulated iron 
hydroxide 
Chitosan 
encapsulated 
activated carbon 
Sludge ash 
Activated 
carbon fiber 
Aluminum 
containing 
mesoporous 
silica films 
Cement kiln 
dust 
Low cost 
material 
Dyes 
Anthraquinone dyes 
Dye 
Reactive dyes 
Acid dye 
Dyes and Humic 
acid 
New Coccine dye 
Dye 
Methylene blue 
Cationic dyes 
Victoria Blue 
Remark 
GX2 has high adsorption 
capacity even at high dye 
concentration. 
Follow first order kinetics. The 
effect of adsorption depend 
dosage, contact time pH, 
particle size etc. 
Surface difiusivity may vary as 
a fiinction of surface coverage. 
First order reversible kinetics. 
The process is spontaneous in 
nature. 
The adsoiption equation data 
can be fitted well known 
Langmuir isotherm. 
The ash adsorption capacities 
were in the range 3.25-5.70 
mol/g and affected by the pH, 
ionic strength and temperature. 
The adsorption equation data 
can be fitted well known 
Langmuir isotherm. 
Methylene blue was adsorbed 
effectively on the mesoporous 
silica films from solutions. 
Adsorbent system was best 
described by the pseudo 
second-order rate model. 
Victoria blue is physically 
adsorbed onto the Perlite. 
Reference 
Xinetal.,2001 
Namasivayam et 
al., 2001 
Kommuller et al., 
2002 
Ko et al., 2002 
Wu et al., 2002 
Chih-huang et al., 
2002 
Koetal.,2002 
Youshikawa et 
al., 2002 
Nassar et al., 
2002 
Demirbas et al., 
2002 
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Adsorbent 
Amidoximated 
cellulose 
Treated cotton 
Poly(tri 
methylene 
Terephthalate) 
Eucalyptus 
barks 
Wheat straw, 
corncobs and 
Barley Husks 
Grafted 
Copolymers of 
Sawdust/Vinyl 
monomers 
Coal based 
sorbents 
Modified cotton 
Rhizomucor 
pusillus 
Activated 
carbon fiber 
Calcined alunite 
and granular 
activated carbon 
Dyes 
Dyes 
Acid dyes 
Disperse dyes 
Dyes 
Dye 
Dye 
Direct Azo dye 
Basic Dye 
Colour fi"om a 
bleach plant 
effluent 
Dye 
Acid dyes 
Remark 
The adsorption equation data 
can be fitted well known 
Langmuir isotherm. 
Removal of dyes increase with 
increase in dye concentration 
and pH of the solution. 
Disperse dye is physically 
adsorbed onto the Polytri 
methylene Terephthalate. 
Adsorbent system was best 
described by the pseudo 
second-order rate model. 
First order reversible kinetics. 
The process is spontaneous in 
nature. 
Follow first order kinetics. 
The adsorption data fitted well 
to the Frendlich & Langmuir 
isotherm. 
The optimum pH range is 8-10 
and dosage required 1.2 g/1 for 
100% removal of dye. 
Adsorpfion kinetic is pseudo 
second order. 
Activated carbon fiber is the 
superb adsorbent for the 
removal of dye. 
Adsorption of Acid dyes by 
activated carbon is 
endothermic reaction. 
Reference 
Salibaetal., 2002 
Bouzaida et al., 
2002 
Yang etal., 2002 
Salibaetal., 2002 
Robinson et 
al.,2002 
Wang et al., 2002 
Mohan et al., 
2002 
Khalfaoui et al., 
2002 
Christov et al., 
2002 
Ko et al., 2002 
Ozacaretal., 
2002 
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Adsorbent 
Granulated iron 
Hydroxide 
Activated 
sludge biomass 
Perlite 
Diatomaceous 
earth 
Diatomaceous 
clay 
Silica modified 
with Humic 
acids 
Low cost 
adsorbents 
Natural and 
Modified Zeolit 
Polysaccharide 
based material 
Chitosan 
Activated 
carbons from 
date pits 
impregnated 
with potassium 
hydroxide 
Dyes 
Reactive dyes 
Basic dyes 
Methyl violet 
Dyes from textile 
wastewater 
Basic dye 
hidigo carmine dye 
Basic dye 
Azo dyes 
Waste water 
treatment 
Acid dye 
Methylene blue 
Remark 
Adsorption followed both 
Langmuir and Freundlich 
isotherm models. 
The effect of adsorption 
depend dosage, contact time 
pH, particle size etc. 
Colour reduction in the dying 
of colour fabric effluent 
containing direct dyes. 
First order reversible kinetics. 
The process is spontaneous in 
nature. 
High adsorption capacity due 
to cation exchange. 
The effect of adsorption 
depend dosage, contact time 
pH, particle size etc. 
Adsorption of Azo dyes by 
zeolite is endothermic reaction. 
Equilibrium was attained in 
120 min. Adsorption followed 
both Langmuir and Freundlich 
isotherm models. 
Adsorption kinetic is pseudo 
second order. 
The adsorption capacity 
increased from 80.3 mg/g to 
123.1 mg/g upon chemical 
activation. 
Reference 
Kommuller et 
al.,2002 
Chu et al., 2002 
Doan et al., 2003 
Al-Ghouti et al., 
2003 
Shawabkeh et al., 
2003 
Prado et al., 2003 
Gupta et al., 2003 
Armaan et al., 
2003 
Crini et al., 2005 
Wong et al., 2003 
Banat et al., 2003 
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Adsorbent 
White rot 
fijngus(Fomes 
lividus) 
Adsorbent 
materials from 
Sewage sludge 
Activated 
carbons from 
surplus sewage 
sludge 
Surfactant-
modified 
sepiolite 
Shale oil ash 
Neem leaf 
powder 
Dolomitic 
sorbents 
Fuller's earth 
Activated and 
non- activated 
oak shells 
Chemical cross-
linked chitosan 
beads 
Rice husk-based 
active carbon 
Dyes 
Azo dyes and dye 
Industry effluent 
Methylene blue 
Dyes 
Negatively charged 
azo dyes 
Dye 
Brilliant green dye 
Dye 
Methylene blue 
Phenol and dyes 
Dye 
Malachite green 
Remark 
In batch mode treatment a 
maximum Decolourization of 
84.4% was achieved. 
Decolourization of 37.5% was 
obtained on day 5. 
Removal of dyes was found to 
increase with increase in dye 
concentration and pH of the 
solution. 
In batch mode treatment a 
maximum removal of 84.4% 
on day 4, and in continuous 
mode a maximum removal of 
37.5% was obtained on day 5. 
Adsorption kinetic is pseudo 
second order. 
Thermodynamic parameter 
indicated feasibility of the 
process. 
Interaction amongst variables 
played a role in the uptake of 
phenol or Methylene blue dye. 
High adsorption capacity due 
to cation exchange. 
Reference 
Selvam et al., 
2003 
Otero et al.,2003 
Martin et al., 
2003 
Armagan et al., 
2003. 
Al-Qodah etal., 
2003 
Bhattacharyya et 
al., 2003 
Walker etal., 
2003 
Atun et al., 2003 
Al-Asheh et al., 
2003 
Chiou et al., 2003 
Guo et al., 2003 
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Adsorbent 
Activated 
carbons Irom 
sawdust and 
rice husk 
Calcined 
Aluminite 
Poly(acryl 
amide-co-
acrylic acid) 
hydro gels 
Waste metal 
hydroxide 
sludge 
Perlite 
Mesoscopic 
mica Flakes 
Modified peat-
resin particle 
Clay water 
system 
Modified resin 
Cross linked 
chitosan beads 
Chitosan 
Dyes 
Acid yellow 36 
Dyes 
Methyl violet 
Azo reactive dyes 
Methyl violet 
Cynamine dyes 
Basic dyes 
Methylene blue 
Water soluble dyes 
Anionic dye 
Acid dyes 
Remark 
The break through and exhaust 
capacity for MG is 270 and 
302 mg/g. 
The optimum conditions 
evaluated for the following 
factor; dose, contact time, 
initial cone, and temperature. 
High adsorption capacity due 
to cation exchange. 
Adsorption kinetic is pseudo 
second order. 
The adsorption equation data 
can be fitted well known 
Langmuir isotherm. 
High adsorption capacity due 
to cation exchange. 
The adsorption data were fitted 
with suitable isotherm. 
Adsorption kinetic is pseudo 
second order. 
The optimum conditions 
evaluated for the following 
factor; dose, contact time, 
initial cone, and temperature. 
Reference 
Malik et al., 2003 
Ozacaretal., 
2003 
Solpan et al., 
2003 
Netpraditetal., 
2003 
Dogan et al., 
2003 
Karthaus et al., 
2003 
Sun et al., 2003 
Gurses et al., 
2004 
Yuetal.,2004 
Chiou et al., 2004 
Wong et al., 2004 
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Adsorbent 
Lysozyme 
crystals 
Diatomite earth 
Magnetite 
Fly ash & Red 
mud 
Pine saw dust 
Benton ite 
Multilayer 
polyelectrolyte 
N membrane 
Wood ash 
Agricultural 
waste 
Wheat bran 
Chitosan 
Hydrobeads 
Calcium 
alginate beads 
Dyes 
Xanthene dyes 
Textile dyes 
Azo dyes 
Typical basic dye 
Metal complex dye 
Basic dye 
Reactive dyes 
Direct dyes from 
textile effluent 
Azo dyes from 
effluent 
Astrazon Yellow 
7GL 
Congo red, a 
carcinogenic textile 
dye 
Basic black dye 
Remark 
Colour reduction in the dying 
of colour fabric effluent 
containing direct dyes. 
Capacity strongly dependent 
on pH and inorganic anions. 
fly ash generally shows higher 
adsorption capacity than red 
mud. 
Acidic pH is favorable & 120 
min. required reaching 
equilibrium. 
Adsorption kinetic is pseudo 
second order and high capacity 
due to cation exchange. 
The adsorption equation data 
can be fitted well known 
Langmuir isotherm. 
Colour reduction in the dying 
of colour fabric effluent 
containing direct dyes. 
Thermodynamic parameters 
were assessed. 
Adsorbent system best 
described by the pseudo 
second-order rate model. 
This system best explained by 
Langmuir isotherm model. The 
kinetic results follow pseudo 
second-order rate equation. 
Maximum adsorption of 
57.70 mg g"' is achieved at 
concentration of 300 mg L"', 
with 4 g L~' dosage, at pH 4.0 
and temperature (30 ± 1 °C). 
Reference 
Cvetkovic et al., 
2005 
Erdem et al., 
2005 
Rongchengetal., 
2005 
Wang etal., 2005 
Oezocar et al., 
2005 
Hu etal.,2006. 
Seong et al., 2006 
Kaushik et al., 
2006 
Ramesh et al., 
2006 
Sulaketal., 2007 
Chatterjee et al., 
2007 
Rathinam et al., 
2007 
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Adsorbent 
Ti02 supported 
on porous 
adsorbents 
Magnetically 
responsive 
yeast-based 
biosorbent 
Hydroxyl-Fe-
pillared 
bentonite 
Sep io lite 
Hazelnut shells 
in comparison 
with wood 
sawdust 
Wheat husk-An 
agricultural 
waste 
Modified silk 
cotton hull 
waste 
Anion exchange 
membranes 
Dyes 
Orange 11 
Azo dyes 
Orange 11 
Anionic dye 
Methylene Blue 
Reactofix golden 
yellow 3 RFN 
Reactive blue MR 
Anionic reactive 
dye 
Remark 
Maximum photodegradation 
rate occurred at an optimum 
pH range of 4-5. 
The maximum adsorption 
capacities ranged between 29.9 
(amido black 1 OB) and 138.2 
(safranin 0) mg/ g of dried 
magnetically modified cells. 
Almost 100% colour removal 
and 95% TOC removal of 
0.2 mM Orange II could be 
obtained at 40 and 120 min. 
The experimental data fitted 
very well the pseudo-second-
order kinetic model and also 
followed the intra-particle 
diffusion model up to 20 min. 
The equilibrium data were fit 
to Langmuir's model and 
higher adsorption capacity 
were shown by hazelnut shells 
than wood sawdust. 
Adsorbent system was best 
described by the pseudo 
second-order rate model. 
The adsorption capacity was 
found to be 12.9 mg/g at an 
initial pHof2± 0.2 for the 
particle size of 125-250 \im at 
room temperature (30 ± 2 °C). 
Adsorption of Cibacron blue 
3GA (31.5 mg/cm^ for SB6407 
and 25.5 mg/cm^ for DE81) 
were greater than those of 
Cibacron red 3BA 
(24.5 mg/cm^ for SB6407 and 
18.5 m g W for DE81). 
Reference 
Madhumitaet al., 
2007 
Safariketal., 
2007 
Jianxin Chen et 
al., 2007 
Alkanetal., 2007 
Ferreroet al., 
2007 
Vinod et al., 2007 
Thangamani et 
al., 2007 
Hung Liu et al., 
2007 
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Adsorbent 
Coal-based 
bottom ash 
(CBBA) waste 
material 
Dyes 
Textile dyestuffs 
from aqueous 
solution 
Remark 
pH 7 was more favorable for 
color removal from both 
Vertigo Blue 49 and Orange 
DNA. Dyestuff adsorption 
capacities of CBBA for 
Vertigo Blue 49 and Orange 
DNA13 were 13.51 and 
4.54 mg/g respectively. 
Reference 
Ali Riza et al., 
2007 
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The recent literature survey shows that so far, a little work has been 
done for the removal of dyes from wastewater using low-cost adsorbents 
like almond peels. Therefore an attempt has been made to explore the 
possibility and feasibility of these adsorbents for the removal of dyes 
from aqueous solution and wastewater. Remarkable results were obtained 
from almond peels as an adsorbent, which has been discussed in Chapter 2 
of this dissertation. 
THE PROBLEMS 
The problem of this dissertation which deals with the "Studies on eco-friendly 
adsorbents for the removal of dyes" has been divided in two chapters 
Chapter 1: Deals with the General introduction containing 
(i) Environmental pollution, (ii) Classification of environmental 
pollution, (iii) dye, (iv) Sources of dyes pollution (v) Treatment 
technologies for wastewater treatment containing dyes, (vi) Theoretical 
aspects of adsorption and at last (vii) The survey of literature on 
adsorption is using low-cost adsorbents for removal of dyes from 
wastewater. 
The knowledge on the basis of survey of literature on low-cost 
adsorbents was important for building a sound background to carry out the 
research in the field of environmental chemistry using almond peels as an 
eco-friendly adsorbent. 
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Chapter-n 
Thermodynamic & kinetic studies of brilliant 
green removal from aqueous solution onto 
Prunus amygdalus (almond peels) 
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1. Introduction: 
Importance of dyes to human civilization both ancient and contemporary is well 
documented. Environment compliance requirements have become increasingly difficult 
to both wastewater discharge and chemical handling (Smith et al, 1998). Discharge of 
colored waste waters from various industries such as textile dyeing, paper & pulp, and 
food processing industries is currently a major problem for environmental management 
especially in developing countries. Approximately 10,000 different dyes and pigments 
are used industrially and over 7 x 1 0 tons of tons of these dyes are produced annually 
worldwide (Jack et al, 1992). Dyes in water affect the nature of the water, inhibiting 
sunlight penetration into the stream and reducing the photosynthesis reaction. Some dyes 
are also toxic even carcinogenic (Chen et al, 2003, Heiss et al, 1992). The conventional 
methods for treating dye-containing waste waters include coagulation and flocculation, 
reverse osmosis and precipitation (Panswed et al, 1986, Malik et al, 2003). However, 
these technologies do not exhibit significant effectiveness and also economically 
nonviable for the removal of dyes. Adsorption of dyes onto solid/water interface has been 
found to be an efficient and economically cheap process (Desai et al, 1995) and an 
effective method to control the extent of water pollution due to dyes. The most 
commonly used adsorbent for the dye removal is activated carbon (Yeh et al, 1995) but it 
is relatively expensive due to its high cost of regeneration. The use of some low cost 
adsorbents are available in the literature for dye removal irom wastewater which included 
apple pomace, wheat straw(Robinson et al, 2002), orange peel(Namasiv^affl «t sA, 199€), 
banana peel (Annadurai et al, 2002), maize cob (Meyer et al, 1992), maize stalls (McKay 
et al, 1987), rice husk (Robinson et al,2002), barley husk (Gong et al, 2005), peanut hull 
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(Foots et al,1976), wood chip (Nassar et al, 1995), palm fruit bunch (Nassar et al, 1999-
Garg et al, 2003), saw dust (Morais et al, 1999), bark (Bhattacharyya et al,2003), leaf 
(Namasivayam et al, 1994), coil pith (Namasivayam et al,1998), banana pith (McKay et 
al,1996), bagasse pith (Dubinin et al, 1947), and aquatic plants (Hobson et al, 1969-
Catena et al, 1989). However, there is further need to search easily available low cost 
material, which have no economical use and therefore can be utilized for the removal of 
dyes. 
The present study is concerned with experimental investigation on almond peels (AP), 
which is a low cost material and abundantly available in the northern region of India, for 
the removal of dye from aqueous media. The effects of various parameters such as 
contact time, initial concentration, adsorbent dose, temperature, and pH on adsorption 
have been studied. 
2. Materials and methods 
2.1. Preparation of adsorbent materials: 
The naturally dried almond peels (AP) were procured locally. The peels powder was 
washed with double distilled water followed by drying at 60 "'C in an oven. The dried 
adsorbent was crushed and sieved to select particle size (100- 300 mesh) by using ASTM 
standard sieve and stored for further use. 
2.2. Adsorbate solution: 
Brilliant green (BG) supplied from CDH (India) were used as obtained. The detailed of 
the BG is as follows: 
Molecular formula C27H34N2O4S, X,max = 623 nm 
F.W. - 48.64, Cas-633-03-4, C.I. - 42040, hygroscopic 
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All other chemicals used in this study were reagent grade. Stock solutions of other dyes 
were prepared by dissolving the solid dyes in double distilled water. 
3. Adsorption studies: 
3.1. Batch studies: 
Stock solutions of dyes were prepared by dissolving accurately weighed amount of 
individual dye in water and subsequently diluted with water to the required concentration. 
Batch adsorption experiments were carried out with 250 ml Erlenmeyer conical flask in a 
thermo regulated water bath at 30 ^C. A 50 ml dye solution of known initial concentration 
was contact with a required dose of almond peel. After a specified contact time period, 
the reaction mixture was filtered. Then the dye concentration in the filtrate was 
determined by measuring absorbance at the wavelength of maximum absorption (623 nm 
for BG) using a UV-visible spectrophotometer (Elico, Sl-164). The pH of solution was 
adjusted by adding either HCl or NaOH solution. Sorption tests were performed in the 
temperature range of 30-60 "C and concentration range (2-10) mg/lit. Each batch 
experiment was carried out in triplicate and mean values were taken for calculation. 
3.2. Column studies: 
Column studies were conducted using down flow technique. lOOmg of adsorbent was 
suspended in distilled water for about 15 min and then transferred into a glass column 
(0.6 cm in diameter) glass wool was kept at the bottom of the column to avoid loss of 
adsorbent with the liquid flow. Dye solution was fed into the column at the flow rate of 
4ml/ minute to determine exhaustive capacity, 50 ml fraction of the effluent were 
collected after breakthrough. The initial amount of dye in 50 ml feed minus the amount 
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found in the effluent gave the amount of dye retained by the adsorbent. The process was 
continued until the amount of dye was same as in the 50ml feed & effluent. 
3.3. Desorption studies: 
Batch process was used for desorption studies in which known amount of adsorbent was 
taken in a conical flask and treated with 50 ml of BG solution (10 mg/1). After adsorption 
the solution was filtered and adsorbent was washed several times with distilled water to 
remove any excess of BG solution. It was then treated with 50 ml IM sulphuric acid, IM 
sodium hydroxide and 0.05 acetic acid solutions. The amount of BG desorbed was then 
determined as usual. 
4. Results and discussion: 
4.1. Characterization of the adsorbent: 
The FTIR spectra of unloaded and brilliant green loaded AP in the range of (400-4000) 
cm" were taken and compared with each other to obtain information on the nature of the 
possible adsorbent-dye interactions and are presented in (Fig.l). The broad stretching 
adsorption bands at 3280-3303cm"' represent -NH and -OH groups bonds. These bands 
intensities decreased only in the FTIR spectrum of dyes loaded almond peel. Carbonyl 
stretching band of unionized carboxylates of adsorbent was observed at 1740 cm"'. The 
bands at 1650 cm" and 1540 cm" correspond to carbonyl stretching vibration of amide 
considered to be due to combine effect of double bond stretching vibration (Kuyucak et 
al., 1989)and -NH deformation band for unloaded and dye loaded almond peels 
respectively. The 1085 cm" band is due to C-0 stretching of carbonyl groups and the 
bending vibration of hydroxyl groups for unloaded AP but the disappearance of this band 
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after adsorption suggests that this type of functional groups is likely to participate in dye 
binding. 
Scanning electron micrograph (SEM) was recorded at two different magnifications 
(Fig.2a&2b) using a software controlled digital scanning electron microscope - LEO 420. 
The SEM clearly reveal the surface texture and porocity of almond peels (AP) with holes 
and small opening on the surface before adsorption while the SEM study after adsorption 
clearly indicates that these small opening and pores are filled probably because of the 
adsorption of brilliant green dye. 
4.2. Effect of different dyes: 
The percent adsorption behaviour of different dyes on AP was carried out in order to find 
out maximum affinity of adsorbent to different dyes. The physical characteristic of all the 
dyes are given in Table (I). From the experimental data, it was observed that adsorption 
of BG is maximum (72.32%) while MY adsorbed least (12.1%). Therefore, the fiirther 
studies were extended only on BG. The order of percent adsorption was found to be BG> 
PBVF>MY>LG(Fig.3). 
4.3. Effect of agitation time and initial dye concentration: 
The kinetics of adsorpfion of BG on AP is shown in (Fig.4) and the smooth single plot 
indicates monolayer adsorption of dye on almond peel. The % adsorption is found to 
increase with increase in dye concentration. The adsorption increases with increasing 
contact time and equilibrium is attained within 180 minutes. 
4.4. Effect of adsorbent mass: 
Batch adsorption studies were performed to determine the effect of adsorbent dosage on 
brilliant green. The percent adsorption of BG increases when increase the adsorbent dose. 
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The percent removal increases rapidly and reaches up to 80.52% (Fig.6). From this study, 
it is observed that with increase in dose of the adsorbent the available surface area for 
adsorption increases which in turn increase the percentage of dye removal. 
4.5. Effect of particle size: 
The effect of the adsorbent particle size on the uptake rate are shown in (Fig.7) and the 
peak value was observed by the finest particle of 250 (BSS) mesh size, probably because 
of the large surface area available. 
4.6. Effect of temperature and thermodynamic parameters: 
It is evident that many effluents are discharged above ambient temperature. With this 
view, experiments were conducted at 303, 313, 323 and 333 K. It is observed that the 
adsorption of dyes increases fi"om 72.3 to 83.6 % when temperature is increased fi"om 303 
to 333 K (Fig. 5). 
Thermodynamic parameter such as change in free energy (AG°), enthalpy (AH°) and 
entropy (AS°) wert; calculated using the following equation (Stephen et al, 2004) 
Kc = Cac'Ce (1) 
AG** = -RTlog Kc (2) 
Log Kc= (AS72.303 R) - (AH72.303 RT) (3) 
Where, Kc is the equilibrium constant, Cac and Ce are the equilibrium concentrations 
(mgl"') of the dyes on the adsorbent and in solution respectively, T is temperature in 
Kelvin and R is ga:» constant. AH" and AS° were obtained fi*om the slope and intercept of 
van't hoff plots of log Kc versus 1/T (Fig.8), and are presented in Table (2). Positive 
values of AH" Table (2) confirm the endothermic adsorption of BG on AP. The negative 
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values of AG*^  in Table (2) indicate the feasibility of dye adsorption and the process is 
spontaneous. The positive values of AS" reflect the affinity of AP for BG dye and also it 
shows the increased randomness at the solid- solution interface. Apparently, the adsorbed 
water molecules, which are displaced by the adsorbate species, gain more translational 
entropy than is lost by the adsorbate molecules, thus allowing the prevalence of 
randomness in the system (Singh et al, 1988). 
4.7. Adsorption isotherms: 
The distribution of dye between the liquid phase and the adsorbent is a measure of the 
position of the equilibrium in the adsorption process and can be generally expressed by 
three of the most popular isotherm theories viz., the Freundlich (Freundlich,1996), the 
Langmuir (Langmuir, 1918) and the Dubinin - Radushkevich (D-R) (Adnan et al., 2005). 
The equilibrium data obtained at varying carbon dosage and fixed initial dye 
concentration conform to the Freundlich equation [Fig. 9], which has the following 
forms: 
Log qe = log kf+ 1/n log Ce (4) 
Where Ce is the equilibrium concentration (mg 1"'), qe is the amount adsorbed per unit 
weight of adsorbent (mg l ') and Kf (mg/g) and n are constants incoiporating factors 
affecting the adsorption process such as adsorption capacity and intensity of adsorption 
respectively. The linear plot of log qe versus log Ce at each temperature indicates that 
adsorbs BG follows freundlich isotherm (Fig.9.). The Ireundlich constant Kf also show 
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linear variation with temperature (Fig. 10.) and hence used to calculate thermodynamic 
parameters as described earlier (Dubinin et al, 1947). 
The adsorption data have been analysed in the light of Langmuir adsorption model and 
which can be described as follows: 
1/qe = 1/ e b X 1/ Ce + 1/ G (5) 
Where qe is amount of dye adsorbed per unit weight of adsorbent (mg/g), Ce is 
equilibrium concentration of dye in aqueous solution (mg/L), 9 (mg/g) and b (L/mg) are 
Langmuir constants related to the adsorption capacity and energy respectively. The linear 
plots of 1/qe versus 1/Ce at different temperatures (Fig.11) suggest the applicability of 
above model for the adsorption of BG on AP. The values of Langmuir constants at 
different temperatures are shown in Table (3). The thermodynamic parameters for the 
two isotherms are shown in table (5). The positive value of AH indicates that the process 
is endothermic. The values of Langmuir and Freundlich constants are very high ( K » l ) 
at each temperature indicating that BG is strongly adsorbed. The increase in K values 
with rise in temperature also confirms that the process is endothermic (Fig.12.). The free 
energy of the process at all temperatures is negative and decreases with increases in 
temperature which indicates that the process is spontaneous and spontaneity increases 
with increase in temperature. The entropy of the overall system is negative and almost 
constant showing the favourable adsorption (Ajmal et al., 1998). 
The adsorption data were also tested for another isotherm, the Dubinin - Radushkevich 
(D-R). This isotherm is more general than the Langmuir isotherm because it does not 
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assume a homogeneous surface or constant adsorption potential. It was applied to 
distinguish between the physical and chemical adsorption of BG dyes. The linear form of 
(D-R) isotherm equation (Dubinin et al, 1947) is 
Log x/m = log qm - PE^ (6) 
Where p is a constant related to the mean free energy of adsorption per mole of the 
adsorbate (mol^^), qm is the theoretical saturation capacity, and E is the polanyi potential, 
which is equal to RT log (1+(1/ Ce), where R (Jmol'K"') is the gas constant, and T 
(Kelvin), the absolute temperature. Hence, by plotting log qe against s^  *Fig.l3.) it is 
possible to generate the value of qm (mol"') from the intercept, and the value of P from the 
slope. 
The constant P gives an idea about the mean free energy E (KJ mol") of adsorption per 
molecule of the adsorbate when it is transferred to the surface of the solid from infinity in 
the solution and can be calculated by using the equation: 
E = I / (2p) "^ — - (7) 
The mean free energy E (KJmol') of adsorption was connected with Dubinin -
Radushkevich (D-R) adsorption isotherm and calculated from Ik). (7). This parameter 
gives information about adsorption mechanism as chemical ion exchange or physical 
adsorption. The Dubinin Radushkevich (D-R) constant for the adsorption of BG shows in 
table (6). The magnitude of E is between 8 and 16 KJ mol', the adsoiption process 
follows by chemical ion exchange (HelfiFerich et al., 1962), while for values of E < 8 KJ 
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mol", the adsorption process is of physical nature (Onyango et al, 2004). The numerical 
free energies increased from 17.14 toI8.25 KJ mol"', when the temperature is increased 
from 30 to 60 "C, which may correspond to a chemical ion exchange mechanism. 
4.8. Adsorption kinetics: 
Kinetics of adsorption is quite significant as it decides the residence time of adsorbate at 
solid- solution interface and helps in determining the rate of adsorption process. This 
study includes i) adsorption rate study and ii) intraparticle diffusion study. 
4.8.1. Adsorption rate study: 
The rate constant of adsorption of BG was determined by using Lagergren equation 
(Lagergrenet al, 1898) 
log (qe-q) = log (qe) - (Kad/2.303) t (8) 
Where q and qe are amounts of dye adsorbed (mgg"') at time t (minute) and at 
equilibrium, respectively and Kad is equilibrium rate constant of adsorption (Imin'). The 
plots of log (qe-q) versus t were found to be linear at different temperatures (Fig.14.) 
indicating the validity of the equation and conforming that the process follows first order 
kinetics. The Kad values were calculated from the slope of the linear plots and are given in 
Table 4. 
4.8.2. Diffusion rate constant study: 
The adsorption of organic dyes from aqueous solution by AP can be described by three 
consecutive steps: 
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a) The transport of adsorbate from bulk solution to the outer surface of the adsorbent by 
molecular diffusion, known as external or film diffusion. 
b) Internal diffusion, i.e. the transport of adsorbate from the particle surface into interior 
sites. 
c) The adsorption of solute molecules from the active sites into the interior surfaces of 
pores. 
The overall rate of the adsorption process will be controlled by the slowest, i.e. the rate -
limiting step. The nature of the rate - limiting step in batch system can be determined 
from the properties of the solute and adsorbent. Rate of adsorption is usually measured by 
determining the change in concentration of adsorbate with the adsorbent as a function of 
time. Linearization of the data is obtained by plotting (Fig.15). The amount adsorbed per 
1 n 
unit weight of adsorbent (q) versus t , as described by the following equation: 
q = Kpt'^' (9) 
Where Kp is the intraparticle diffusion rate constant. The adsorption rates for intraparticle 
diffusion, Kp, under different conditions were calculated from the slopes of the linear 
portions of the respective plots with units of mgg' min^^ (Singh et al, 1988). The double 
nature of these plots may be explained by the fact that the initial curved portions are 
boundary layer diffusion effect while final linear portion are a result of intraparticle 
diffiasion effects. An extrapolation of the linear of the plots back to the axis provides 
intercepts (McKay et al, 1987), which are proportional to the extent of boundary layer 
thickness. 
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The values obtained from the slope of the linear portion of the curves for each 
temperature are given in Table 4. 
4.9. Desorption studies: 
Desorption studies help to elucidate the nature of adsorption recycling of the spent 
adsorbent and the dye. If the adsorbed dye can be desorbed using neutral pH water, then 
the attachment of the dye on the adsorbent is by weak bonds. If sulphuric acid or alkaline 
water can desorbs the dye, then the adsorption is by ion exchange. If an organic acid, like 
acetic acid can desorbs the dye, then the dye is held by the adsorbent through 
chemisorptions. Sodium hydroxide &, sulphuric acid (IM) did not show any desorption 
but weak acid, like acetic acid (0.05M) solubilized about 65.23% of dye from the spent 
adsorbent (Fig. 16). Desorption of dye in acetic acid indicates that brilliant green dye is 
adsorbed onto AP through chemisorptions mechanism and very little desorption of dye in 
acid or base confirms the strong affinity of dye on the almond peel. 
4.10. Breakthrough capacity: 
The breakthrough curve plotted in Fig.l7 reveals that 300ml of brilliant green solution 
can be passed through the column of the adsorbent without any trace being detected in 
the effluent. The breakthrough capacity and exhaustive capacity of the adsorbent for 
brilliant green have been calculated as 30 mg/g, 108 mg/g respectively. The exhaustive 
capacity of the sorbent is higher in case of column process than the batch process. This is 
due to continuously large concentration at the interface of the sorption zone as sorbate 
passes through the column while the concentration gradient decreases with time in a 
batch process. 
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5. Conclusion: 
From the foregoing experimental results, it can be concluded that tlie use of almond peel 
for the removal of brilliant green dye was effective and economical. The Langmuir, 
Freundlich and Dubinin-Radushkevich (D-R) isotherm models were used for the 
mathematical description of the adsorption of brilliant green on to AP depending on 
temperature and the isotherms constants were evaluated from these isotherms. Results 
indicated that the adsorption equilibrium data fitted very well to three isotherm models in 
the studied concentration range at all temperatures studied. The chemical ion exchange is 
important according to the values of mean free energies from D-R isotherms where 
numerical free energies increased from of 17.14 - 18.25 KJmol"'. Desorption of dye in 
acetic acid indicates that brilliant green dye is adsorbed onto AP through chemisorptions 
mechanism and very little desoiption of dye in acid or base confirms the strong affinity of 
dye on the almond peel. The adsorption process was found to be endothermic and 
spontaneous. The breakthrough and exhaustive capacity has been found to be 30 mg/g 
and 108 mg/g respectively. 
The almond peel (AP) is a discarded waste material and available in abundance in India 
and therefore can be utilized for the removal of brilliant green (BG) dye from aqueous 
solution. The process is cheap and also very economical and can be harnessed for the 
treatment of industrial waste on large scale. 
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Table 1 
Some physical characteristics of dyes: 
Dye 
BG 
Lg 
Pbvf 
My 
Colour 
green 
green 
bhie 
yellow 
C.l.No 
42040 
42095 
42045 
13065 
F.W. 
482.64 
792.86 
566.68 
375.38 
>^ max(nm) 
623.5 
639.5 
637.3 
430.0 
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Table 2 
Thermodynamic parameters for adsorption: 
Temp,{"c) K, AG"(kjmor') AIT^(kjmor') AS"{kjmor') 
30 2.10 -1.049 
40 3.34 -1.3629 
23.991 0.08692 
50 4.030 -1.625 
60 5.097 -1,958 
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Table 3 
Langmuir and Freundlich constant at different temp, for adsorption of BG: 
Temp. (°c) Langmuir isotherm Freundlich isotherm 
KL LoglcL b e" kf Logkf 1/n 
30 2.81 0.448 0.214 13.14 2.6332 0.42 0.604 
40 2.82 0.45 0.121 23.31 2.839 0,453 0.706 
50 3.14 0.496 0.1 31.44 3.222 0.508 0.723 
60 3.22 0.507 0.03 107.52 3,84 0.584 0.829 
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Table 4 
Rate constant at different temperature for adsorption of BG: 
Temperature Lagergrren rate constant Kaj mtraparticle rate constant Kaj 
( c) (Inim ) (nigg mm ) 
30 2.164x10"- 0.8622 
40 2.142x10"- 1,0304 
50 2.118x10"- 1.0232 
60 2.026x10"- 1,0097 
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Table 5 
Langmuir and Freundiich isotiierm at different temperature for adsorption of BG 
Temperature C'c) 
30 
40 
50 
Langmuir isotiierm 
AG" ^K' AS" 
(kjmor^) {kjmol"') (kjmol"*) 
-1.1258 
-1.18 
4.293 
-1.34 
-0.0178 
-0.01744 
-0.01742 
Freundiich isotherm 
AG" AH AS" 
(kjmol"*) (kjmof^) (kjmol"*) 
-1.058 
-1.171 
-1 364 
-0.0381 
-0.0373 
10.51 
-0.0367 
60 -1.41 -0.01712 -1.61 -0.0363 
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Table 6 
Dubinin Radushkevich (D-R) constant for the adsorption of BG: 
Temp.(°c) p (moAy^) 7^r E ((kjmor') 
30 
40 
50 
60 
1.7x10' 
1.63x10"^ 
1.6x10'^ 
1.5x10'^ 
0.994 
0.996 
0.989 
0.976 
17.14 
17.48 
17.67 
18.25 
3000 ZOOO 
2, Wovenumber !cm" ) 
1000 
Fig.la. FTIR spectra of unloaded Almond peel. 
1500 1000 
Wovenumber(cm"^l 
500 
Fig.lb. FTIR spectra of BG loaded Almond peel. 
52 
Fig.2- Scanning electron micrographs of Almond peels before adsorption. 
Magnifications (2000times) 
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Fig.2- Scanning electron micrographs of Almond peels after adsorption. 
Magnifications (2000times) 
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